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ABSTRACT	  
  Study	  objectives.	  	  Insomnia	  is	  a	  highly	  prevalent	  condition	  that	  constitutes	  a	  major	  public	  health	  and	  economic	  burden.	  However,	  little	  is	  known	  about	  the	  developmental	  etiology	  of	  adulthood	  insomnia.	  	  Design.	  	  We	  examined	  whether	  indicators	  of	  psychological	  vulnerability	  across	  multiple	  developmental	  periods	  (psychiatric	  diagnoses	  in	  young	  adulthood	  and	  adolescence,	  childhood	  behavioral	  problems,	  and	  familial	  psychiatric	  history)	  predicted	  subsequent	  insomnia	  in	  adulthood.	  	  	  Setting	  and	  participants.	  	  We	  used	  data	  from	  the	  ongoing	  Dunedin	  Multidisciplinary	  Health	  and	  Development	  Study,	  a	  population-­‐representative	  birth	  cohort	  study	  of	  1,037	  children	  in	  New	  Zealand	  who	  were	  followed	  prospectively	  from	  birth	  (1972–1973)	  through	  their	  fourth	  decade	  of	  life	  with	  a	  95%	  retention	  rate.	  	  	  Measurements.	  	  Insomnia	  was	  diagnosed	  at	  age	  38	  according	  to	  DSM-­‐IV	  criteria.	  Psychiatric	  diagnoses,	  behavioral	  problems,	  and	  family	  psychiatric	  histories	  were	  assessed	  between	  ages	  5	  and	  38.	  	  	  Results.	  In	  cross-­‐sectional	  analyses,	  insomnia	  was	  highly	  comorbid	  with	  multiple	  psychiatric	  disorders.	  	  After	  controlling	  for	  this	  concurrent	  comorbidity,	  our	  results	  showed	  that	  individuals	  who	  have	  family	  histories	  of	  depression	  or	  anxiety,	  and	  who	  manifest	  lifelong	  depression	  and	  anxiety	  beginning	  in	  childhood,	  are	  at	  uniquely	  high	  risk	  of	  age-­‐38	  insomnia.	  	  Other	  disorders	  did	  not	  predict	  adulthood	  insomnia.	  Conclusions.	  	  The	  link	  between	  lifelong	  depression	  and	  anxiety	  symptoms	  and	  adulthood	  insomnia	  calls	  for	  further	  studies	  to	  clarify	  the	  neurophysiological	  systems	  or	  behavioral	  conditioning	  processes	  that	  may	  underlie	  this	  association.	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INTRODUCTION	  	  Insomnia	  is	  a	  highly	  prevalent	  condition	  that	  affects	  10%	  to	  20%	  of	  adults	  and	  constitutes	  a	  major	  public	  health	  and	  economic	  burden.1-­‐5	  	  The	  pathogenesis	  of	  adult	  insomnia,	  however,	  is	  incompletely	  understood.	  	  Pre-­‐existing	  mental	  health	  problems	  appear	  to	  constitute	  one	  important	  risk	  indicator.	  	  Insomnia	  and	  other	  psychiatric	  disorders,	  particularly	  depression	  and	  anxiety,	  are	  highly	  comorbid	  in	  cross-­‐sectional	  samples.3,	  6,	  7	  	  The	  mechanisms	  underlying	  this	  comorbidity	  are	  still	  uncertain	  and	  likely	  to	  be	  complex	  in	  nature.	  	  Many	  studies	  show	  that	  individuals	  with	  insomnia	  are	  more	  likely	  to	  develop	  future	  psychiatric	  disorders.8-­‐10	  	  Researchers	  have	  also	  reported,	  however,	  that	  psychopathology	  –	  most	  notably	  the	  internalizing	  disorders	  of	  depression	  and	  anxiety	  –	  may	  manifest	  prior	  to	  and	  increase	  risk	  for	  the	  development	  of	  adult	  insomnia.11-­‐16	  	  	  	  	  	  This	  developmental	  vulnerability	  to	  insomnia	  may	  involve	  more	  psychopathologies,	  and	  begin	  earlier,	  than	  previous	  studies	  have	  been	  able	  to	  examine.	  	  Cross-­‐sectional	  associations	  have	  been	  reported	  between	  poor	  sleep	  and	  externalizing	  disorders,	  especially	  alcohol	  dependence17,	  18	  and	  delinquent	  behavior	  or	  attention-­‐deficit	  disorder	  in	  children	  or	  adolescents.19,	  20	  	  Whether	  externalizing	  disorders	  during	  development	  convey	  long-­‐term	  risk	  for	  adult	  insomnia	  is	  not	  known.	  	  In	  general,	  the	  extent	  to	  which	  insomnia	  is	  predicted	  by	  early-­‐emerging	  psychopathological	  difficulties	  remains	  unclear.	  In	  this	  study,	  we	  make	  use	  of	  data	  from	  a	  four-­‐decade-­‐long	  New	  Zealand	  birth	  cohort	  to	  examine	  the	  link	  between	  multiple	  mental	  health	  problems	  across	  the	  lifecourse	  –	  including	  both	  internalizing	  and	  externalizing	  disorders	  –	  and	  subsequent	  insomnia	  in	  early	  midlife.	  	  In	  examining	  lifecourse	  mental	  health	  problems,	  we	  focused	  on	  three	  developmental	  periods:	  Childhood,	  when	  behavioral	  problems	  predictive	  of	  later	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psychological	  disorder	  first	  emerge;	  adolescence,	  when	  severe	  cases	  of	  diagnosable	  disorder	  become	  apparent;	  and	  young	  adulthood,	  when	  incidence	  of	  psychological	  disorder	  reaches	  its	  peak	  and	  psychiatric	  problems	  may	  become	  entrenched.	  	  We	  also	  examined	  study	  members’	  familial	  history	  of	  psychological	  disorders,	  which	  can	  serve	  as	  both	  a	  proxy	  for	  genetic	  risk	  and	  as	  a	  useful	  indicator	  of	  clinical	  prognosis.21-­‐23	  	  We	  hypothesized	  that	  internalizing	  disorders	  across	  development	  would	  be	  the	  strongest	  predictors	  of	  adult	  insomnia,	  but	  that	  externalizing	  disorders	  would	  also	  convey	  excess	  insomnia	  risk.	  	  We	  further	  hypothesized	  that	  any	  association	  between	  internalizing	  or	  externalizing	  disorders	  and	  adult	  insomnia	  would	  exhibit	  a	  dose-­‐response	  relationship,	  with	  more	  cumulative	  lifetime	  diagnoses	  predicting	  higher	  insomnia	  risk.	  	  We	  focus	  on	  individuals	  diagnosed	  with	  insomnia	  at	  early	  midlife,	  in	  their	  late	  30s.	  	  People	  between	  35	  and	  45	  have	  some	  of	  the	  highest	  rates	  of	  insomnia	  of	  any	  age	  group.1,	  24	  	  Furthermore,	  midlife	  adults	  are	  consolidating	  their	  careers	  and	  serving	  as	  the	  main	  economic	  provider	  for	  their	  families.	  	  These	  responsibilities	  require	  substantial	  energy	  and	  productivity,	  which	  may	  be	  undermined	  by	  sleeping	  problems.1,	  25	  	  The	  public	  health	  burden	  of	  insomnia	  may	  therefore	  be	  greatest	  among	  people	  in	  their	  30s	  and	  40s.	  	  	  	  
	  
METHODS	  
Sample	  Participants	  are	  members	  of	  the	  Dunedin	  Multidisciplinary	  Health	  and	  Development	  Study,	  a	  longitudinal	  investigation	  of	  health	  and	  behavior	  in	  a	  complete	  birth	  cohort.26	  	  Study	  members	  (N=1,037;	  91%	  of	  eligible	  births;	  52%	  male)	  were	  all	  individuals	  born	  between	  April	  1972	  and	  March	  1973	  in	  Dunedin,	  New	  Zealand,	  who	  were	  eligible	  for	  the	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longitudinal	  study	  based	  on	  residence	  in	  the	  province	  at	  age	  3	  and	  who	  participated	  in	  the	  first	  follow-­‐up	  assessment	  at	  age	  3.	  	  The	  cohort	  represents	  the	  full	  range	  of	  socioeconomic	  status	  in	  the	  general	  population	  of	  New	  Zealand’s	  South	  Island	  and	  is	  primarily	  white.	  Assessments	  were	  carried	  out	  at	  birth	  and	  at	  ages	  3,	  5,	  7,	  9,	  11,	  13,	  15,	  18,	  21,	  26,	  32,	  and,	  most	  recently,	  38	  years,	  when	  95%	  of	  the	  1,007	  study	  members	  still	  alive	  took	  part.	  	  	  	  At	  each	  assessment	  wave,	  study	  members	  are	  brought	  to	  the	  research	  unit	  for	  a	  full	  day	  of	  interviews	  and	  examinations.	  	  The	  Otago	  Ethics	  Committee	  approved	  each	  phase	  of	  the	  study	  and	  informed	  consent	  was	  obtained.	  	  	  	  	  	  
Measures	  Insomnia	  diagnosis.	  	  At	  the	  age-­‐38	  assessment	  in	  2010-­‐2012,	  study	  members	  were	  asked	  how	  often	  they	  had	  problems	  sleeping	  in	  the	  past	  month	  because	  they	  could	  not	  get	  to	  sleep	  within	  30	  minutes,	  woke	  up	  in	  the	  middle	  of	  the	  night,	  woke	  up	  in	  the	  early	  morning,	  or	  felt	  that	  their	  sleep	  was	  unrefreshing.27	  	  Individuals	  were	  diagnosed	  with	  
η͵	  week,	  and	  also	  η͵at	  least	  one	  of	  the	  following	  domains:	  (a)	  work,	  (b)	  ability	  to	  concentrate,	  (c)	  memory,	  (d)	  daytime	  sleepiness,	  (e)	  levels	  of	  energy	  or	  fatigue,	  or	  (f)	  levels	  of	  irritability,27	  or	  (g)	  staying	  awake	  while	  driving,	  eating,	  or	  engaging	  in	  social	  activity.28	  	  This	  definition	  meets	  the	  primary	  diagnostic	  criteria	  for	  insomnia	  according	  to	  the	  then-­‐current	  Diagnostic	  and	  Statistical	  Manual	  of	  Mental	  Disorders-­‐Version	  4	  (DSM-­‐IV);	  however,	  we	  did	  not	  impose	  the	  DSM-­‐IV	  exclusionary	  criteria	  (e.g.,	  presence	  of	  comorbid	  conditions).	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Mental	  health	  correlates.	  	  We	  first	  assessed	  cross-­‐sectional	  comorbidity	  between	  insomnia	  and	  other	  psychiatric	  conditions	  at	  age	  38.	  	  We	  then	  assessed	  whether	  antecedent	  mental	  health	  issues	  predicted	  age-­‐38	  insomnia,	  focusing	  on	  the	  three	  key	  developmental	  periods:	  Young	  adulthood	  (ages	  18-­‐32),	  when	  study	  members	  were	  completing	  their	  education	  and	  starting	  their	  careers;	  adolescence	  (ages	  11-­‐15),	  which	  corresponds	  to	  study	  members’	  secondary	  school	  years;	  and	  childhood	  (ages	  5-­‐11),	  which	  corresponds	  to	  study	  members’	  primary	  school	  years.	  	  Sleep	  difficulties	  are	  a	  criterion	  symptom	  in	  some	  psychiatric	  disorders	  (e.g.,	  depression),	  and	  a	  frequent	  complaint	  in	  other	  disorders	  (e.g.	  attention-­‐deficit	  hyperactivity	  disorder).3	  	  Moreover,	  disorders	  at	  age	  38	  may	  be	  a	  continuation	  of	  mental	  health	  problems	  from	  earlier	  in	  life.29,	  30	  	  To	  rule	  out	  these	  potential	  confounds,	  we	  used	  age-­‐38	  concurrent	  disorders	  as	  a	  covariate	  when	  testing	  whether	  antecedent	  mental	  health	  problems	  predict	  early	  midlife	  insomnia.	  	  	  	  
Concurrent	  psychiatric	  conditions.	  	  At	  age	  38,	  psychiatric	  diagnoses	  were	  made	  using	  the	  Diagnostic	  Interview	  Schedule,31,	  32	  following	  the	  DSM-­‐IV	  criteria	  with	  a	  reporting	  period	  of	  12	  months.33	  	  Prevalence	  estimates	  and	  comparisons	  to	  U.S.	  and	  New	  Zealand	  national	  surveys	  have	  been	  previously	  reported.34	  Disorders	  examined	  at	  38	  years	  were	  major	  depression,	  generalized	  anxiety	  disorder,	  any	  fear	  or	  phobia	  (including	  panic	  disorder,	  social	  phobia,	  agoraphobia,	  and	  simple	  phobia),	  post-­‐traumatic	  stress	  disorder	  (PTSD),	  alcohol	  dependence,	  cannabis	  dependence,	  and	  hard	  drug	  dependence.	  	  Hard	  drugs	  included	  stimulants	  (e.g.,	  amphetamines,	  speed),	  sedatives	  (e.g.,	  tranquillizers,	  barbiturates),	  opiates	  (e.g.,	  heroin,	  codeine,	  opium),	  hallucinogens	  (e.g.,	  LSD,	  mescaline),	  inhalants	  (e.g.,	  flue,	  toluene),	  cocaine	  or	  crack,	  or	  being	  on	  methadone	  maintenance.      
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Two	  of	  these	  psychiatric	  disorders,	  depression	  and	  generalized	  anxiety	  disorder	  (GAD),	  include	  sleep	  problems	  among	  the	  diagnostic	  criteria.	  	  Analyses	  examining	  associations	  between	  these	  two	  age-­‐38	  disorders	  and	  insomnia	  were	  re-­‐run	  using	  modified	  diagnostic	  criteria	  that	  excluded	  the	  sleep	  items.	  	  Results	  were	  substantively	  identical	  (estimates	  varied	  by	  less	  than	  4%);	  therefore,	  the	  full	  standard	  diagnostic	  measures	  were	  used	  in	  all	  analyses.	  
Persistent	  psychiatric	  conditions	  in	  young	  adulthood.	  	  In	  community	  cohorts,	  many	  young	  adults	  experience	  psychiatric	  episodes	  that	  occur	  only	  once	  and	  are	  relatively	  mild,	  involve	  little	  impairment,	  and	  are	  unlikely	  to	  prompt	  clinical	  attention.	  	  In	  contrast,	  adult	  individuals	  with	  persistent	  disorder	  are	  considerably	  less	  common,	  and	  tend	  to	  have	  severe	  disorder	  and	  need	  clinical	  intervention.34	  	  For	  this	  reason,	  we	  focus	  on	  the	  occurrence	  of	  persistent	  disorder	  during	  young	  adulthood.	  	  Study	  members	  were	  considered	  to	  have	  a	  persistent	  psychiatric	  condition	  if	  they	  were	  diagnosed	  with	  a	  disorder	  at	  two	  or	  more	  Study	  assessment	  occasions	  across	  ages	  18,	  21,	  26,	  and	  32	  years.	  	  At	  ages	  18	  and	  21,	  disorders	  were	  diagnosed	  according	  to	  DSM-­‐III-­‐R	  criteria.35	  	  At	  ages	  26	  and	  32,	  diagnoses	  were	  made	  following	  DSM-­‐IV	  criteria.	  	  Disorder	  persistence	  analyses	  included	  major	  depression,	  any	  anxiety	  disorder	  (i.e.,	  generalized	  anxiety	  disorder	  (GAD),	  panic	  disorder,	  social	  phobia,	  agoraphobia,	  and	  simple	  phobia),	  alcohol	  dependence,	  and	  cannabis	  dependence.	  (Hard	  drug	  dependence	  and	  PTSD	  were	  only	  assessed	  starting	  at	  age	  26,	  so	  were	  not	  included	  in	  persistence	  analyses.)	    
Psychiatric	  conditions	  in	  adolescence.	  Psychiatric	  diagnoses	  at	  11,	  13,	  and	  15	  years	  of	  age	  were	  assessed	  using	  the	  Diagnostic	  Interview	  Schedule	  for	  Children,36	  following	  the	  then-­‐current	  DSM-­‐III	  criteria.37	  	  Study	  members	  were	  defined	  as	  having	  a	  diagnosis	  during	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adolescence	  if	  they	  met	  criteria	  for	  that	  diagnosis	  at	  any	  of	  these	  assessments.	  	  We	  focused	  on	  single	  diagnoses	  during	  the	  adolescent	  developmental	  period	  because	  individuals	  diagnosed	  with	  psychiatric	  disorder	  during	  the	  adolescent	  period	  are	  rare,	  and	  their	  cases	  tend	  to	  be	  severe	  and	  involve	  substantial	  impairment.34	  Adolescent	  diagnoses	  examined	  for	  this	  analysis	  included	  depression,	  anxiety,	  conduct	  disorder,	  and	  attention	  deficit	  hyperactivity	  disorder	  (ADHD).	  	  Adolescent	  anxiety	  disorders	  diagnosed	  under	  DSM-­‐III	  comprised	  overanxious	  disorder,	  separation	  anxiety	  disorder,	  and	  phobias;	  the	  separate	  disorders	  were	  collapsed	  into	  one	  variable.30	  	  	  
Childhood	  behavioral	  problems.	  	  The	  Rutter	  Child	  Scales38	  were	  administered	  at	  ages	  5,	  7,	  9	  and	  11	  years	  to	  assess	  major	  areas	  of	  each	  participant's	  behavioral	  and	  emotional	  functioning	  during	  the	  past	  year.	  	  Scales	  were	  completed	  separately	  by	  parents	  and	  teachers	  at	  each	  age.	  	  The	  relevant	  items	  were	  summed	  across	  the	  four	  ages	  to	  derive,	  separately	  for	  parents	  and	  teachers,	  measures	  indexing	  the	  study	  participants'	  behavior	  problems	  in	  different	  settings.	  	  These	  indices	  were	  then	  combined	  into	  one	  measure	  for	  each	  behavior	  problem.	  	  The	  three	  final	  measures	  included	  internalizing	  problems	  (e.g.,	  worries	  about	  many	  things,	  often	  appears	  miserable,	  unhappy,	  tearful,	  and	  rather	  solitary),	  antisocial	  behavior	  problems	  (e.g.,	  bullies	  other	  children,	  frequently	  fights	  with	  other	  children,	  often	  irritable,	  disobedient,	  tells	  lies,	  destroys	  own	  or	  others'	  belongings,	  and	  has	  stolen	  things	  on	  one	  or	  more	  occasions),	  and	  hyperactivity	  (e.g.,	  very	  restless	  and	  hardly	  ever	  still,	  squirmy/fidgety,	  cannot	  settle	  into	  anything	  for	  more	  than	  a	  few	  moments,	  has	  poor	  concentration	  or	  short	  attention	  span).	  	  For	  ease	  of	  interpretation,	  each	  of	  the	  three	  measures	  was	  standardized.	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Family	  history	  of	  psychiatric	  disorder.	  	  The	  Dunedin	  Study	  family	  history	  assessment	  has	  been	  described	  in	  detail	  elsewhere.39	  	  The	  family	  history	  consisted	  of	  reports	  of	  psychiatric	  problems	  provided	  by	  study	  members	  and	  both	  parents	  for	  each	  study	  member’s	  siblings,	  parents,	  and	  grandparents,	  using	  the	  Family	  History	  Screen.40	  	  Here,	  we	  report	  family	  history	  for	  major	  depression,	  any	  anxiety	  disorder,	  conduct	  disorder/antisocial	  personality	  disorder	  (CD/ASPD),	  and	  alcohol	  abuse.	  	  The	  family	  history	  was	  summarized	  as	  the	  proportion	  of	  family	  members	  in	  the	  pedigree	  who	  ever	  had	  the	  disorder,	  adjusted	  to	  account	  for	  differences	  in	  genetic	  relatedness	  to	  the	  proband	  of	  first-­‐	  and	  second-­‐degree	  relatives.	  	  For	  ease	  of	  comparison	  across	  disorders,	  family	  history	  scores	  for	  each	  disorder	  were	  standardized.	  Confounding	  factors.	  	  We	  controlled	  for	  sex	  and	  childhood	  social	  class	  in	  all	  multivariate	  analyses.	  	  Study	  members’	  family	  social	  class	  in	  childhood	  was	  measured	  with	  a	  six-­‐point	  scale	  assessing	  parents'	  occupational	  status.41	  	  Family	  social	  class	  is	  defined	  as	  the	  average	  of	  the	  highest	  occupational	  status	  level	  of	  either	  parent	  across	  study	  assessments	  from	  the	  study	  member's	  birth	  through	  15	  years	  (alpha	  =	  .92).	  	  To	  aid	  interpretation,	  we	  use	  standardized	  scores.	  
	  
Statistical	  Analysis	  	  	  We	  used	  Poisson	  regression	  with	  robust	  standard	  errors	  to	  model	  risk	  ratios	  estimating	  associations	  between	  lifetime	  psychiatric	  variables	  and	  adult	  insomnia.	  	  First,	  to	  establish	  the	  degree	  of	  concurrent	  comorbidity	  between	  insomnia	  and	  other	  disorders,	  we	  modeled	  the	  risk	  for	  insomnia	  associated	  with	  each	  age-­‐38	  psychiatric	  diagnosis.	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Unadjusted	  models	  in	  this	  analysis	  included	  no	  covariates;	  adjusted	  models	  controlled	  for	  sex	  and	  family	  social	  class.	  	  We	  next	  assessed	  whether	  antecedent	  mental	  health	  problems	  (i.e.,	  persistent	  psychiatric	  conditions	  in	  young	  adulthood,	  psychiatric	  conditions	  in	  adolescence,	  behavioral	  problems	  in	  childhood,	  and	  family	  history	  of	  disorder)	  predicted	  insomnia	  at	  age	  38.	  	  In	  adjusted	  models	  for	  these	  analyses,	  we	  additionally	  controlled	  for	  psychiatric	  comorbidity	  at	  age	  38.	  	  Concurrent	  psychiatric	  morbidity	  was	  defined	  using	  a	  single	  dichotomous	  covariate	  that	  indexed	  whether	  the	  study	  member	  received	  any	  of	  the	  following	  psychiatric	  diagnoses	  at	  age	  38:	  depression,	  GAD,	  PTSD,	  any	  fear	  or	  phobia,	  alcohol	  dependence,	  cannabis	  dependence,	  or	  hard	  drug	  dependence.	  	  	  Dose-­‐response	  relationships	  between	  cumulative	  lifecourse	  psychiatric	  diagnoses	  and	  age-­‐38	  insomnia	  risk	  were	  estimated	  using	  an	  ordinal	  variable	  corresponding	  to	  number	  of	  diagnoses	  received	  between	  ages	  11	  and	  38	  (e.g.,	  0,	  1,	  2,	  3,	  or	  4+	  diagnoses	  with	  depression);	  again,	  Poisson	  regression	  with	  robust	  standard	  errors	  was	  used	  to	  model	  risk	  ratios	  for	  insomnia.	  	  Lastly,	  we	  used	  interaction	  terms	  to	  test	  whether	  associations	  between	  earlier	  psychiatric	  history	  variables	  and	  age-­‐38	  insomnia	  differed	  for	  men	  and	  women.	  	  All	  statistical	  analyses	  were	  conducted	  using	  Stata	  12.0	  (StataCorp	  LP).	  	  
RESULTS	  Prevalence	  of	  insomnia	  at	  midlife.	  	  	  At	  age	  38	  years,	  19.6	  percent	  of	  Dunedin	  study	  members	  (n=186)	  were	  diagnosed	  with	  insomnia.	  	  	  Study	  members	  with	  insomnia	  were	  more	  likely	  than	  their	  peers	  to	  be	  female	  (59.1%	  vs.	  47.4%;	  F2=	  8.18,	  p=0.004);	  many	  also	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came	  from	  lower-­‐class	  families	  (F(1,942)=5.02,	  p=0.03).	  	  Table	  1	  shows	  descriptive	  statistics	  for	  study	  members	  with	  and	  without	  insomnia.	  	  	   Concurrent	  psychiatric	  conditions	  at	  age	  38.	  	  Table	  2	  shows	  relative	  risks	  between	  specific	  psychiatric	  diagnoses	  and	  insomnia,	  all	  at	  age	  38.	  	  After	  adjustment	  for	  sex	  and	  family	  social	  class,	  study	  members	  with	  depression,	  GAD,	  fear/phobia,	  PTSD,	  alcohol	  dependence,	  or	  cannabis	  dependence	  (but	  not	  hard	  drug	  dependence)	  were	  significantly	  more	  likely	  than	  their	  peers	  to	  have	  insomnia.	  	  Moreover,	  study	  members	  with	  insomnia	  had	  substantially	  higher	  burdens	  of	  overall	  age-­‐38	  psychiatric	  morbidity	  (Figure	  1).	  	  While	  fewer	  than	  12	  percent	  of	  those	  without	  insomnia	  met	  criteria	  for	  two	  or	  more	  concurrent	  psychiatric	  diagnoses,	  nearly	  30	  percent	  of	  insomniac	  individuals	  did	  so.	  	  	   Antecedent	  mental	  health	  problems.	  	  Table	  3	  shows	  relative	  risks	  between	  earlier	  mental	  health	  problems	  and	  age-­‐38	  insomnia.	  	  	  
Persistent	  psychiatric	  conditions	  in	  young	  adulthood	  (ages	  18-­‐32).	  Study	  members	  who	  had	  been	  persistently	  diagnosed	  with	  internalizing	  disorder	  as	  young	  adults	  were	  significantly	  more	  likely	  to	  have	  insomnia	  at	  early	  midlife.	  	  In	  models	  adjusted	  for	  sex,	  social	  class,	  and	  age-­‐38	  psychiatric	  comorbidity,	  young	  adults	  with	  persistent	  depression	  were	  approximately	  40	  percent	  more	  likely	  than	  their	  peers	  to	  have	  subsequent	  midlife	  insomnia,	  while	  young	  adults	  with	  persistent	  anxiety	  were	  60	  percent	  more	  likely	  to	  have	  insomnia.	  	  	  Persistent	  alcohol	  dependence	  did	  not	  predict	  subsequent	  insomnia.	  	  Moreover,	  although	  bivariate	  models	  suggested	  that	  young	  adults	  with	  persistent	  cannabis	  dependence	  were	  also	  at	  higher	  risk	  for	  insomnia,	  in	  adjusted	  models	  this	  association	  was	  attenuated	  and	  became	  non-­‐significant.	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   Psychiatric	  conditions	  in	  adolescence	  (ages	  11-­‐15).	  	  We	  found	  that,	  in	  unadjusted	  models,	  adolescent	  study	  members	  diagnosed	  with	  internalizing	  disorder	  (depression	  or	  anxiety)	  appeared	  significantly	  more	  likely	  than	  their	  peers	  to	  have	  insomnia	  in	  early	  midlife.	  	  After	  adjusting	  for	  covariates,	  however,	  depressed	  adolescents	  no	  longer	  had	  elevated	  risk	  for	  insomnia.	  	  Anxiety	  remained	  a	  significant	  factor:	  Anxious	  adolescents	  were	  46	  percent	  more	  likely	  than	  their	  peers	  to	  be	  subsequently	  diagnosed	  with	  insomnia.	  	  Neither	  conduct	  disorder	  nor	  ADHD	  increased	  risk	  for	  age-­‐38	  insomnia.	  
	   Behavioral	  problems	  in	  childhood	  (ages	  5-­‐11).	  Childhood	  internalizing	  problems	  also	  foreshadowed	  study	  members’	  early	  midlife	  sleeping	  problems.	  	  Study	  members	  who	  were	  rated	  by	  their	  parents	  and	  teachers	  as	  prone	  to	  excessive	  worry,	  misery,	  and	  solitude	  were	  at	  significantly	  increased	  risk	  for	  insomnia;	  after	  adjusting	  for	  covariates,	  a	  one-­‐SD	  increase	  in	  these	  internalizing	  problems	  predicted	  a	  14	  percent	  increased	  risk	  of	  insomnia	  at	  age	  38.	  	  Study	  member	  children	  with	  higher	  levels	  of	  antisocial	  behavior	  or	  hyperactivity	  evinced	  no	  excess	  risk	  for	  insomnia.	  	  	  
	   Family	  history	  of	  psychiatric	  disorder.	  	  In	  unadjusted	  models,	  we	  found	  that	  study	  members	  whose	  families	  had	  more	  severe	  histories	  of	  depression,	  anxiety,	  and	  alcohol	  dependence	  (but	  not	  CD/ASPD)	  were	  more	  likely	  to	  have	  insomnia	  in	  early	  midlife.	  	  In	  models	  adjusted	  for	  sex,	  social	  class,	  and	  age-­‐38	  psychiatric	  comorbidity,	  however,	  only	  family	  history	  of	  internalizing	  disorders	  conveyed	  excess	  risk	  for	  insomnia.	  	  Study	  members	  with	  one-­‐SD	  increases	  in	  familial	  depression	  and	  familial	  anxiety	  were,	  respectively,	  13	  percent	  and	  20	  percent	  more	  likely	  to	  have	  insomnia.	  	  Role	  of	  stability	  of	  internalizing	  problems.	  	  Thus	  far,	  we	  report	  that	  internalizing	  problems	  in	  young	  adulthood,	  adolescence,	  and	  childhood,	  as	  well	  as	  familial	  history	  of	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internalizing	  disorder,	  consistently	  predict	  insomnia	  at	  early	  midlife.	  	  Mental	  health	  problems	  –	  including	  internalizing	  disorder	  –	  exhibit	  considerable	  stability	  over	  the	  lifecourse.29,	  30	  	  It	  might	  therefore	  seem	  inevitable	  that	  internalizing	  problems	  at	  different	  age	  periods	  will	  produce	  similar	  associations	  with	  later	  insomnia,	  simply	  because	  the	  same	  individuals	  have	  anxiety/depression	  at	  each	  age	  (as	  well	  as	  a	  higher	  likelihood	  of	  insomnia).	  	  However,	  additional	  analyses	  suggested	  that	  this	  was	  not	  the	  case	  in	  our	  study.	  	  Correlations	  between	  internalizing	  disorder	  measures	  at	  different	  ages	  were	  significant,	  but	  no	  correlation	  exceeded	  0.26.	  	  This	  indicates	  substantial	  unshared	  variance	  between	  the	  variables	  across	  the	  years.	  	  Therefore,	  it	  was	  not	  simply	  the	  stability	  of	  internalizing	  symptoms	  over	  time	  that	  was	  responsible	  for	  our	  findings.	  	  We	  also	  tested	  whether	  persistent	  internalizing	  disorder	  across	  the	  lifecourse,	  assessed	  using	  a	  variable	  that	  separately	  summed	  the	  number	  of	  depression	  and	  anxiety	  diagnoses	  received	  between	  adolescence	  and	  age	  38,	  predicted	  early	  midlife	  insomnia	  (Figure	  2).	  	  In	  analyses	  adjusting	  for	  sex,	  social	  class,	  and	  age-­‐38	  psychiatric	  comorbidity,	  each	  additional	  occasion	  that	  a	  study	  member	  was	  diagnosed	  with	  depression	  was	  associated	  with	  a	  25	  percent	  increased	  risk	  of	  insomnia	  (RR=1.25,	  95%	  CI=1.15,	  1.36;	  p<0.001);	  each	  additional	  anxiety	  diagnosis	  was	  associated	  with	  a	  19	  percent	  increased	  risk	  of	  insomnia	  (RR=1.19;	  95%	  CI=1.10,	  1.29;	  p<0.001).	  	  	  	   This	  dose-­‐response	  effect	  was	  somewhat	  stronger	  among	  study	  members	  whose	  diagnosable	  depression	  episode	  or	  anxiety	  disorder	  began	  in	  adolescence	  (i.e.,	  between	  ages	  11	  and	  15	  years).	  	  Among	  study	  members	  with	  early-­‐onset	  depression,	  each	  additional	  depression	  diagnosis	  predicted	  a	  nearly	  70%	  increased	  risk	  (RR=1.68;	  95%	  CI=1.12,	  2.53;	  
p=0.013)	  for	  later	  insomnia.	  	  Among	  those	  without	  early-­‐onset	  depression,	  however,	  each	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additional	  depression	  diagnosis	  predicted	  only	  28%	  increased	  risk	  for	  insomnia	  (RR=1.28;	  95%	  CI=1.14,	  1.42;	  p<0.0001).	  	  Similarly,	  among	  study	  members	  with	  early-­‐onset	  anxiety,	  each	  additional	  anxiety	  diagnosis	  predicted	  a	  28%	  increased	  insomnia	  risk	  (RR=1.28;	  95%	  CI=1.11,	  1.47;	  p=0.001);	  but	  for	  those	  individuals	  whose	  anxiety	  began	  later,	  each	  additional	  anxiety	  diagnosis	  was	  associated	  with	  only	  a	  17%	  increase	  (RR=1.17;	  95%	  CI=1.04,	  1.32;	  p=0.008)	  in	  insomnia	  risk.	  	  	   Sex	  differences,	  adulthood	  social	  class,	  medical	  comorbidity,	  and	  presence	  of	  an	  infant	  in	  the	  home.	  	  We	  tested	  whether	  any	  of	  the	  associations	  between	  psychiatric	  history	  variables	  and	  adulthood	  insomnia	  differed	  for	  men	  and	  women.	  	  Except	  for	  the	  association	  between	  concurrent	  PTSD	  and	  insomnia	  in	  Table	  2	  (p	  for	  interaction=0.04),	  none	  of	  the	  sex	  interaction	  terms	  were	  statistically	  significant	  (all	  other	  p>0.15).	  	  We	  also	  tested	  whether	  including	  a	  covariate	  for	  study	  members’	  age-­‐38	  socioeconomic	  status	  (based	  on	  their	  current	  or	  most	  recent	  occupation42)	  made	  a	  difference	  to	  the	  associations	  reported	  in	  Tables	  2	  and	  3;	  results	  were	  unaffected.	  	  	  Because	  physical	  health	  problems	  may	  also	  contribute	  to	  insomnia,	  we	  wanted	  to	  ascertain	  whether	  medical	  comorbidity	  played	  a	  role	  in	  our	  observed	  associations.	  	  To	  test	  this,	  we	  used	  a	  variable	  indexing	  how	  many	  serious	  chronic	  physical	  health	  conditions	  the	  study	  member	  reported	  at	  age	  38	  (mean	  =	  0.48,	  SD	  =	  0.67,	  range	  =	  0	  to	  3).	  	  Health	  conditions	  included	  asthma,	  arthritis,	  cancer,	  Crohn's	  disease,	  hepatitis	  C,	  lupus,	  multiple	  sclerosis,	  and	  obesity	  (defined	  as	  a	  body	  mass	  index	  of	  30	  or	  higher).  	  We	  then	  re-­‐estimated	  each	  model	  in	  Tables	  2	  and	  3	  controlling	  for	  this	  covariate.	  	  Estimates	  were	  very	  slightly	  reduced	  in	  magnitude	  for	  some	  associations,	  but	  statistical	  inference	  was	  unaffected	  in	  all	  cases.	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Lastly,	  we	  wanted	  to	  ensure	  that	  our	  results	  were	  not	  confounded	  by	  study	  members	  who	  had	  problems	  sleeping	  because	  of	  a	  young	  infant	  in	  the	  home.	  	  Many	  sleep	  studies	  recruit	  participants	  who	  have	  self-­‐referred	  to	  a	  clinic	  because	  of	  severe	  problems	  with	  sleeping.	  	  In	  a	  community	  cohort,	  however,	  some	  false-­‐positive	  cases	  of	  insomnia	  might	  arise	  from	  individuals	  with	  an	  infant	  who	  report	  sleeping	  problems.	  	  A	  total	  of	  26	  
ζ͸-­‐38	  data	  collection	  (4.3%	  of	  study	  members	  with	  insomnia	  (n=8);	  2.4%	  of	  those	  without	  insomnia	  (n=18)).	  	  We	  re-­‐estimated	  each	  model	  in	  Table	  3	  with	  an	  additional	  covariate	  indexing	  the	  presence	  of	  an	  infant;	  results	  were	  unchanged.	  	  Results	  also	  remained	  similar	  if	  we	  altered	  the	  infant	  age	  criteria	  to	  15	  or	  24	  months,	  by	  which	  point	  most	  infants	  sleep	  through	  the	  night.43	  	  
DISCUSSION	  	   The	  results	  of	  this	  study	  provide	  evidence	  that	  individuals	  who	  struggle	  with	  lifecourse	  anxiety	  and	  depression	  are	  uniquely	  susceptible	  to	  insomnia	  in	  early	  midlife.	  	  Although	  we	  found	  in	  cross-­‐sectional	  analyses	  that	  study	  members	  with	  both	  externalizing	  and	  internalizing	  disorders	  were	  more	  likely	  to	  report	  insomnia,	  when	  we	  examined	  these	  relationships	  developmentally	  (and	  controlled	  for	  the	  confounds	  of	  sex,	  social	  class,	  and	  age-­‐38	  concurrent	  psychiatric	  comorbidity),	  we	  found	  that	  insomnia	  risk	  was	  foreshadowed	  solely	  by	  study	  members’	  anxiety	  and	  depression.	  	  The	  link	  between	  prior	  internalizing	  disorder	  –	  as	  measured	  in	  young	  adulthood,	  adolescence,	  and	  childhood,	  and	  by	  familial	  history	  –	  and	  midlife	  insomnia	  was	  highly	  consistent,	  emerged	  early	  in	  life,	  and	  followed	  a	  dose-­‐response	  pattern.	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Methodological	  advantages	  of	  the	  study	  include	  its	  use	  of	  a	  representative	  birth	  cohort	  with	  good	  retention,	  a	  rigorous	  operational	  definition	  of	  insomnia,4	  and	  our	  prospective	  measures	  of	  multiple	  mental	  health	  problems	  spanning	  nearly	  40	  years.	  	  The	  study	  was	  also	  strengthened	  by	  the	  inclusion	  of	  study	  members’	  family	  history	  of	  psychiatric	  disorder.	  	  	  There	  were	  several	  limitations	  to	  this	  study.	  	  First,	  the	  reporting	  period	  for	  insomnia	  at	  age	  38	  was	  one	  month,	  whereas	  it	  was	  12	  months	  for	  the	  other	  disorders.	  	  It	  was	  therefore	  not	  possible	  to	  establish	  the	  temporal	  ordering	  of	  insomnia	  and	  concurrent	  psychiatric	  diagnoses	  at	  age	  38.	  	  In	  addition,	  more	  detailed	  measures	  of	  our	  study	  members’	  sleep	  habits	  (such	  as	  sleep	  logs	  and	  overnight	  sleep	  studies),	  as	  well	  as	  information	  on	  the	  presence	  of	  sleep	  disorders	  such	  as	  narcolepsy	  or	  sleep	  apnea,	  were	  not	  available.	  	  We	  also	  found	  that	  19.6%	  of	  the	  Dunedin	  study	  members	  met	  criteria	  for	  a	  past-­‐month	  diagnosis	  of	  insomnia.	  	  This	  is	  higher	  than	  some	  previous	  estimates,	  in	  part	  due	  to	  different	  assessment	  methods.	  	  However,	  the	  prevalence	  of	  insomnia	  in	  our	  population-­‐representative	  cohort	  was	  largely	  consistent	  with	  that	  found	  in	  samples	  of	  North	  American	  adults.1-­‐3,	  44	  	  Our	  definition	  of	  insomnia	  is	  in	  line	  with	  the	  insomnia	  diagnoses	  outlined	  by	  both	  DSM-­‐IV	  and	  DSM-­‐V,	  with	  the	  caveat	  that	  we	  inquired	  about	  sleep	  problems	  lasting	  at	  least	  one	  month	  (rather	  than	  three	  months	  as	  required	  by	  DSM-­‐V)	  because	  this	  DSM-­‐V	  criterion	  was	  established	  subsequent	  to	  our	  age-­‐38	  data	  assessment.	  	  Additionally,	  our	  insomnia	  assessment	  did	  not	  include	  queries	  about	  the	  frequency	  of	  insomnia	  episodes	  (e.g.,	  number	  of	  episodes	  in	  the	  past	  year)	  or	  the	  age	  of	  onset	  of	  study	  members’	  insomnia	  symptoms.	  	  This	  would	  have	  required	  assessing	  long-­‐term	  retrospective	  recall	  of	  symptoms,	  which	  has	  previously	  been	  found	  to	  be	  highly	  unreliable.34	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The	  chicken-­‐or-­‐the-­‐egg	  question	  of	  whether	  insomnia	  antedates	  psychiatric	  disorder	  or	  disorder	  antedates	  insomnia	  has	  long	  been	  under	  debate.8-­‐10,	  14,	  45	  	  Our	  paper	  cannot	  settle	  this	  debate	  because	  insomnia	  symptoms	  have	  not	  been	  regularly	  assessed	  alongside	  psychiatric	  disorders	  in	  prior	  waves	  of	  the	  Dunedin	  study.	  	  The	  study	  design	  to	  settle	  this	  question	  would	  entail	  contiguous	  annual	  assessments	  of	  both	  insomnia	  and	  mental	  disorders	  in	  a	  cohort	  as	  they	  age	  from	  childhood	  to	  midlife.	  	  However,	  it	  is	  our	  experience	  that	  neither	  funders	  nor	  research	  participants	  favor	  this	  approach.	  	  What	  our	  study	  contributes	  is	  the	  observation	  that	  the	  association	  emerges	  with	  the	  earliest	  childhood	  symptoms	  of	  disorder	  (and	  even	  goes	  back	  over	  two	  generations	  of	  family	  history	  of	  internalizing	  disorder),	  and	  that	  among	  psychiatric	  conditions,	  anxiety	  and	  depression	  are	  the	  most	  important	  to	  examine	  in	  future	  research.	  	  	  Previous	  work	  has	  suggested	  that	  the	  most	  robust	  association	  between	  insomnia	  and	  psychological	  disorder	  is	  with	  depression,3,	  14,	  46	  although	  strong	  longitudinal	  links	  between	  anxiety	  and	  sleep	  problems	  have	  also	  been	  reported	  (e.g.,	  7,	  15,	  47).	  	  Our	  longitudinal	  analyses	  suggested	  that	  the	  magnitudes	  of	  the	  associations	  between	  midlife	  insomnia	  and	  lifecourse	  depression	  and	  anxiety	  were	  similar.	  	  It	  is	  possible	  that	  depression	  and	  anxiety	  predict	  insomnia	  for	  different	  reasons,	  but	  the	  overall	  similarity	  between	  the	  anxiety	  and	  depression	  findings	  is	  not	  surprising	  given	  the	  high	  degree	  of	  longitudinal	  comorbidity	  between	  these	  disorders	  and	  their	  many	  shared	  etiological	  factors.30,	  48,	  49	  	  	  We	  found	  that	  histories	  of	  persistent	  alcohol	  or	  cannabis	  dependence	  in	  young	  adulthood	  were	  not	  associated	  with	  later	  insomnia.	  	  While	  the	  physiological	  effects	  of	  alcohol	  and	  cannabis	  appear	  to	  have	  an	  acute	  contemporaneous	  influence	  on	  sleep	  problems,	  and	  while	  sleep	  problems	  may	  predict	  subsequent	  relapse	  in	  recovering	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alcoholics,50,	  51	  our	  study	  of	  early	  midlife	  adults	  suggests	  that	  alcohol	  and	  cannabis	  dependence	  are	  not	  aspects	  of	  individuals’	  lifecourse	  histories	  that	  need	  to	  be	  considered	  as	  predisposing	  to	  insomnia.	  	  It	  is	  possible,	  however,	  that	  as	  the	  cohort	  ages,	  a	  longitudinal	  bidirectional	  link	  between	  insomnia	  and	  alcohol	  dependence	  will	  emerge.	  	  However,	  insomnia	  does	  not	  consistently	  predict	  subsequent	  incidence	  of	  substance	  dependence,	  suggesting	  that	  the	  cross-­‐sectional	  associations	  may	  be	  more	  important.52,	  53	  Our	  findings	  have	  implications	  for	  understanding	  the	  etiology	  of	  insomnia.	  	  Disturbances	  in	  key	  physiological	  systems	  could	  underpin	  lifelong	  and	  intergenerational	  susceptibility	  to	  both	  internalizing	  disorders	  and	  sleep	  problems.	  	  Our	  finding	  that	  insomnia	  risk	  was	  especially	  high	  among	  individuals	  who	  had	  family	  history	  of	  internalizing	  disorder,	  as	  well	  as	  among	  those	  with	  an	  early-­‐onset	  and	  persistent	  course	  of	  internalizing	  disorder,	  is	  consistent	  with	  this	  notion	  of	  shared	  genetic	  and	  biological	  susceptibility.54-­‐56	  	  Candidate	  physiological	  disturbances	  could	  include	  hyperarousal	  of	  neural,	  cardiac,	  metabolic,	  and/or	  neuroendocrine	  systems,57-­‐60	  and	  dysregulation	  of	  the	  noradrenergic	  or	  synaptic	  systems.61-­‐63	  	  	  Alternatively,	  it	  is	  also	  possible	  that	  the	  association	  between	  internalizing	  disorder	  across	  the	  lifecourse	  and	  midlife	  insomnia	  arises	  from	  cognitive	  and	  behavioral	  conditioning	  processes.	  	  For	  example,	  experiencing	  sleep	  difficulties	  in	  the	  context	  of	  a	  major	  depressive	  episode	  may	  alter	  an	  individual’s	  later	  perceptions	  of	  his	  or	  her	  sleep	  environment,	  generating	  anticipatory	  anxious	  rumination	  and	  ‘‘learned	  sleep	  preventing	  associations’’57	  which	  can	  lead	  to	  chronic	  insomnia.64	  	  Future	  research	  should	  further	  test	  these	  two	  hypotheses.	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Lastly,	  our	  findings	  also	  have	  implications	  for	  treating	  insomnia	  in	  clinical	  populations	  and	  for	  ameliorating	  the	  public	  health	  burden	  due	  to	  insomnia.	  	  Clinically,	  our	  study	  adds	  to	  the	  evidence	  that	  adults	  suffering	  from	  insomnia	  are	  likely	  to	  have	  a	  history	  of	  depression	  and	  anxiety.	  	  This	  knowledge	  can	  help	  with	  clinicians’	  case	  conceptualization	  of	  people	  seeking	  treatment	  for	  insomnia.	  	  It	  also	  indicates	  that	  comorbid	  internalizing	  disorders	  may	  need	  to	  be	  treated	  in	  conjunction	  with	  the	  sleeping	  problems	  in	  order	  to	  best	  address	  patients’	  complaints.	  	  From	  a	  public	  health	  perspective,	  the	  high	  prevalence	  of	  insomnia	  observed	  among	  our	  study	  participants	  lends	  support	  to	  the	  conclusion	  that	  adulthood	  insomnia	  is	  a	  common	  and	  burdensome	  disorder	  in	  its	  own	  right.1,	  3,	  65	  	  Given	  the	  significance	  of	  sleep	  difficulties	  for	  multiple	  areas	  of	  functioning,	  it	  may	  be	  worthwhile	  providing	  these	  individuals	  with	  information	  and	  skills	  –	  such	  as	  stress	  management	  interventions	  and	  sleep	  promotion	  techniques	  –	  that	  help	  prevent	  symptoms	  of	  insomnia.	  	  The	  recognition	  that	  individuals	  who	  experience	  persistent	  internalizing	  problems	  during	  development	  are	  at	  high	  risk	  for	  insomnia	  in	  later	  adulthood	  may	  also	  inform	  prevention	  strategies	  at	  the	  population	  level.	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Table 1. Sociodemographic characteristics and psychiatric history variables in Dunedin study members with and without 
insomnia at age 38 
 
No insomnia diagnosis 
(n=763)  
Insomnia diagnosis 
(n=186)  p 
Covariates      
 Gender, n (%) female 362 (47.4%)  110 (59.1%)  0.004 
 Family social class, birth-15, standardized mean (SD) 0.06 (0.98)  -0.13 (1.05)  0.025 
Concurrent psychiatric diagnoses (age 38)      
 Major depression, n (%) 88 (11.6%)  67 (36.0%)  <0.001 
 GAD, n (%) 28 (3.7%)  26 (14.0%)  <0.001 
 Any fear or phobia, n (%) 111 (14.6%)  49 (26.6%)  <0.001 
 PTSD, n (%) 17 (2.2%)  18 (9.7%)  <0.001 
 Alcohol dependence, n (%) 66 (8.7%)  25 (13.5%)  0.046 
 Cannabis dependence, n (%) 27 (3.6%)  12 (6.5%)  0.074 
 Hard drug dependence, n (%) 22 (2.9%)  7 (3.8%)  0.536 
Persistent (2+) psychiatric diagnoses in young adulthood (ages 18-32)       
 Major depression, n (%) 110 (14.4%)  51 (27.7%)  <0.001 
 Any persistent anxiety disorder, n (%) * 101 (13.2%)  56 (30.4%)  <0.001 
 Alcohol dependence, n (%) 90 (11.8%)  27 (14.7%)  0.287 
 Cannabis dependence, n (%) 54 (7.1%)  22 (12.0%)  0.029 
Psychiatric diagnoses in adolescence (ages 11-15)      
 Major depression, n (%) 37 (5.0%)  16 (9.0%)  0.040 
 Anxiety disorder, n (%) 130 (17.6%)  54 (30.5%)  <0.0001 
 Conduct disorder, n (%) 124 (16.8%)  34 (19.2%)  0.447 
 ADHD, n (%) 43 (5.8%)  12 (6.8%)  0.632 
Behavioral problems in childhood (ages 5-11)      
 Internalizing problems, standardized mean (SD) -0.06 (0.98)  0.20 (1.03)  0.002 
 Antisocial behavior problems, standardized mean (SD) -0.05 (0.94)  0.11 (1.17)  0.064 
 Hyperactivity, standardized mean (SD) -0.03 (0.96)  0.03 (1.00)  0.456 
Family history of psychiatric disorder      
 Major depression, standardized mean (SD) -0.04 (0.99)  0.19 (0.99)  0.005 
 Any anxiety disorder, standardized mean (SD) -0.06 (0.94)  0.24 (1.17)  0.0002 
 CD/ASPD, standardized mean (SD) -0.02 (0.96)  0.11 (1.13)  0.103 
 Alcohol abuse, standardized mean (SD) -0.05 (0.96)  0.17 (1.13)  0.009 
* Includes GAD, panic disorder, social phobia, agoraphobia, and simple phobia. 
Abbreviations: PTSD, post-traumatic stress disorder; CD/ASPD, conduct disorder/antisocial personality disorder.  
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Table 2. Psychiatric diagnoses at age 38 and risk for concurrent insomnia 
  Unadjusted Model  Adjusted Model a 
  Risk Ratio 95% CI p  Risk Ratio 95% CI p 
Major depression  2.88 (2.25, 3.68) <0.001  2.70 (2.11, 3.47) <0.001 
GAD  2.69 (1.97, 3.67) <0.001  2.56 (1.88, 3.49) <0.001 
Any fear or phobia b  1.77 (1.34, 2.35) <0.001  1.65 (1.23, 2.21) 0.001 
PTSD  2.81 (1.98, 3.98) <0.001  2.44 (1.68, 3.53) <0.001 
Alcohol dependence  1.47 (1.02, 2.11) 0.038  1.55 (1.08, 2.22) 0.017 
Cannabis dependence  1.61 (0.98, 2.62) 0.058  1.76 (1.05, 2.95) 0.032 
Hard drug dependence  1.24 (0.64, 2.39) 0.525  1.23 (0.62, 2.45) 0.553 
           
Statistically significant (p<0.05) risk ratios are shown in bold font. 
Abbreviations: GAD, generalized anxiety disorder; PTSD, post-traumatic stress disorder. 
a Includes covariates for sex and family social class. 
b Includes panic disorder, social phobia, agoraphobia, and simple phobia.  	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Figure	  1.	  Insomnia	  diagnosis	  status	  and	  psychiatric	  comorbidity	  at	  age	  38	  years.	  	  Bars	  depict,	  among	  study	  members	  with	  age-­‐38	  insomnia	  (dark	  gray	  bars)	  and	  without	  age-­‐38	  insomnia	  (light	  gray	  bars)ǡǡǡǡη͵concurrent	  psychiatric	  conditions	  (including	  major	  depression,	  generalized	  anxiety	  disorder,	  any	  fear	  or	  phobia,	  post-­‐traumatic	  stress	  disorder,	  alcohol	  dependence,	  cannabis	  dependence,	  and	  hard	  drug	  dependence).	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Table 3. History of psychiatric problems and risk for insomnia at age 38 
 Unadjusted Model  Adjusted Model a 
  Risk Ratio  95% CI p  Risk Ratio 95% CI p 
Persistent (2+) psychiatric diagnoses in 
young adulthood (ages 18-32)   
 Persistent major depression 1.87 (1.42, 2.46) <0.001  1.42 (1.07, 1.88) 0.017 
 Any persistent anxiety disorder b 2.20 (1.69, 2.87) <0.001  1.63 (1.24, 2.15) 0.001 
 Persistent alcohol dependence 1.22 (0.85, 1.75) 0.279  1.07 (0.75, 1.52) 0.722 
 Persistent cannabis dependence 1.56 (1.07, 2.27) 0.022  1.30 (0.87, 1.94) 0.207 
Psychiatric diagnoses in adolescence 
(ages 11-15)  
 Major depression 1.62 (1.05, 2.49) 0.030  1.23 (0.83, 1.82) 0.295 
 Anxiety 1.74 (1.32, 2.30) <0.001  1.46 (1.11, 1.92) 0.007 
 Conduct disorder 1.14 (0.82, 1.59) 0.443  0.98 (0.70, 1.36) 0.888 
 ADHD 1.14 (0.68, 1.91) 0.627  1.06 (0.65, 1.74) 0.810 
Behavioral problems in childhood  
(ages 5-11) c  
 Internalizing problems 1.21 (1.08, 1.36) 0.001  1.14 (1.01, 1.28) 0.031 
 Antisocial behavior problems 1.12 (0.99, 1.26) 0.067  1.08 (0.95, 1.22) 0.240 
 Hyperactivity 1.05 (0.92, 1.19) 0.451  1.02 (0.90, 1.17) 0.739 
Family history of psychiatric disorder c  
 Family history of major depression 1.20 (1.06, 1.34) 0.003  1.13 (1.00, 1.28) 0.048 
 Family history of anxiety disorder 1.25 (1.12, 1.41) <0.001  1.20 (1.07, 1.35) 0.002 
 Family history of CD/ASPD 1.11 (0.98, 1.26) 0.112  1.01 (0.88, 1.15) 0.924 
 Family history of alcohol abuse 1.17 (1.05, 1.30) 0.006  1.06 (0.94, 1.19) 0.355 
  
Statistically significant (p<0.05) risk ratios are shown in bold font. 
Abbreviations: ADHD, attention-deficit hyperactivity disorder; CD/ASPD, conduct disorder/antisocial personality disorder; GAD, 
generalized anxiety disorder; PTSD, post-traumatic stress disorder. 
a Includes covariates for sex, family social class, and any psychiatric diagnosis received at age 38 (i.e., any of: depression, GAD, 
PTSD, any fear or phobia, alcohol dependence, cannabis dependence, or hard drug dependence). 
b Includes persistent GAD, panic disorder, social phobia, agoraphobia, and/or simple phobia.  
c Exposure variables are standardized  continuous scores; risk ratios for behavioral problems in childhood and family history variables 
are therefore not comparable in size to risk ratios for other exposure variables. 
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Figure	  2.	  Dose-­‐response	  relationships	  between	  lifecourse	  internalizing	  disorders	  and	  midlife	  insomnia.	  	  Bars	  depict	  percentage	  of	  study	  members	  diagnosed	  with	  insomnia	  at	  age	  38	  years,	  according	  to	  their	  number	  of	  lifetime	  diagnoses	  with	  depression	  (left-­‐side,	  light	  gray	  bars)	  and	  anxiety	  (right-­‐side,	  dark	  gray	  bars).	  
	  
	  
	  
	   	  
0%
5%
10%
15%
20%
25%
30%
35%
40%
45%
50%
0
(n=494)
1
(n=233)
2
(n=128)
3
(n=62)
4+
(n=32)
0
(n=407)
1
(n=224)
2
(n=143)
3
(n=78)
4+
(n=97)
Number of depression diagnoses,
ages 11 to 38 years
Number of anxiety diagnoses,
ages 11 to 38 years
Pe
rc
en
t o
f g
ro
up
 w
ith
 in
so
m
ni
a 
at
 a
ge
 3
8 
 
27  
  
REFERENCES	  
	  
1. Kessler  RC,  Berglund  P,  Coulouvrat  C,  et  al.  Insomnia  and  the  performance  of  U.S.  workers:  results  from  
the  America  Insomnia  Survey.  Sleep  2011;34:1161-­‐71.  
2. Walsh  JK,  Coulouvrat  C,  Hajak  G,  et  al.  Nighttime  insomnia  symptoms  and  perceived  health  in  the  
America  Insomnia  Survey  (AIS).  Sleep  2011;34:997-­‐1011.  
3. Roth  T,  Jaeger  S,  Jin  R,  Kalsekar  A,  Stang  PE,  Kessler  RC.  Sleep  problems,  comorbid  mental  disorders,  
and  role  functioning  in  the  National  Comorbidity  Survey  Replication.  Biol.  Psychiatry  2006;60:1364-­‐71.  
4. Ohayon  MM,  Reynolds  CF.  Epidemiological  and  clinical  relevance  of  insomnia  diagnosis  algorithms  
according  to  the  DSM-­‐IV  and  the  International  Classification  of  Sleep  Disorders  (ICSD).  Sleep  Med.  
2009;10:952-­‐60.  
5. Morin  CM,  LeBlanc  M,  Daley  M,  Gregoire  JP,  Merette  C.  Epidemiology  of  insomnia:  prevalence,  self-­‐
help  treatments,  consultations,  and  determinants  of  help-­‐seeking  behaviors.  Sleep  Med.  2006;7:123-­‐
30.  
6. Sivertsen  B,  Krokstad  S,  Overland  S,  Mykletun  A.  The  epidemiology  of  insomnia:  associations  with  
physical  and  mental  health.  The  HUNT-­‐2  study.  J.  Psychosom.  Res.  2009;67:109-­‐16.  
7. Johnson  EO,  Roth  T,  Breslau  N.  The  association  of  insomnia  with  anxiety  disorders  and  depression:  
exploration  of  the  direction  of  risk.  J.  Psychiatr.  Res.  2006;40:700-­‐8.  
8. Ohayon  MM,  Roth  T.  Place  of  chronic  insomnia  in  course  of  depressive  and  anxiety  disorders.  J.  
Psychiatr.  Res.  2003;37:9-­‐15.  
9. Wong  MM,  Brower  KJ,  Fitzgerald  HE,  Zucker  RA.  Sleep  problems  in  early  childhood  and  early  onset  of  
alcohol  and  other  drug  use  in  adolescence.  Alcoholism  2004;28:578-­‐87.  
10. Chang  PP,  Ford  DE,  Mead  LA,  Cooper-­‐Patrick  L,  Klag  MJ.  Insomnia  in  young  men  and  subsequent  
depression:  the  Johns  Hopkins  Precursors  Study.  Am.  J.  Epidemiol.  1997;146:105-­‐14.  
11. Skapinakis  P,  Rai  D,  Anagnostopoulos  F,  Harrison  S,  Araya  R,  Lewis  G.  Sleep  disturbances  and  depressive  
symptoms:  an  investigation  of  their  longitudinal  association  in  a  representative  sample  of  the  UK  
general  population.  Psychol.  Med.  2013;43:329-­‐39.  
12. Gillespie  NA,  Gehrman  P,  Byrne  EM,  Kendler  KS,  Heath  AC,  Martin  NG.  Modeling  the  direction  of  
causation  between  cross-­‐sectional  measures  of  disrupted  sleep,  anxiety  and  depression  in  a  sample  of  
male  and  female  Australian  twins.  J.  Sleep  Res.  2012;21:675-­‐83.  
13. LeBlanc  M,  Merette  C,  Savard  J,  Ivers  H,  Baillargeon  L,  Morin  CM.  Incidence  and  risk  factors  of  insomnia  
in  a  population-­‐based  sample.  Sleep  2009;32:1027-­‐37.  
14. Buysse  DJ,  Angst  J,  Gamma  A,  Adjdacic  V,  Eich  D,  Rossler  W.  Prevalence,  course,  and  comorbidity  of  
insomnia  and  depression  in  young  adults.  Sleep  2008;31:473-­‐80.  
15. Jansson  M,  Linton  SJ.  The  role  of  anxiety  and  depression  in  the  development  of  insomnia:  cross-­‐
sectional  and  prospective  analyses.  Psychol.  Health  2006;21:383-­‐97.  
16. Janson  C,  Lindberg  E,  Gislason  T,  Elmasry  A,  Boman  G.  Insomnia  in  men—A  10-­‐year  prospective  
population  based  study.  Sleep  2001;24:425-­‐30.  
17. Brower  KJ.  Insomnia,  alcoholism  and  relapse.  Sleep  Med.  Rev.  2003;7:523-­‐39.  
18. Johnson  EO,  Breslau  N.  Sleep  problems  and  substance  use  in  adolescence.  Drug  Alcohol  Depend.  
2001;64:1-­‐7.  
19. Clinkinbeard  SS,  Simi  P,  Evans  MK,  Anderson  AL.  Sleep  and  delinquency:  does  the  amount  of  sleep  
matter?  Journal  of  youth  and  adolescence  2011;40:916-­‐30.  
20. Cortese  S,  Konofal  E,  Yateman  N,  Mouren  M-­‐C,  Lecendreux  M.  Sleep  and  alertness  in  children  with  
attention-­‐deficit/hyperactivity  disorder:  a  systematic  review  of  the  literature.  Sleep  2006;29:504-­‐11.  
21. Milne  BJ,  Caspi  A,  Harrington  H,  Poulton  R,  Rutter  M,  Moffitt  TE.  Predictive  value  of  family  history  on  
severity  of  illness:  the  case  for  depression,  anxiety,  alcohol  dependence,  and  drug  dependence.  Arch.  
Gen.  Psychiatry  2009;66:738-­‐47.  
28  
  
22. Bierut  LJ,  Dinwiddie  SH,  Begleiter  H,  et  al.  Familial  transmission  of  substance  dependence:  alcohol,  
marijuana,  cocaine,  and  habitual  smoking:  a  report  from  the  Collaborative  Study  on  the  Genetics  of  
Alcoholism.  Arch.  Gen.  Psychiatry  1998;55:982-­‐8.  
23. Kendler  KS,  Davis  CG,  Kessler  RC.  The  familial  aggregation  of  common  psychiatric  and  substance  use  
disorders  in  the  National  Comorbidity  Survey:  a  family  history  study.  Br.  J.  Psychiatry  1997;170:541-­‐8.  
24. Morin  CM,  LeBlanc  M,  Belanger  L,  Ivers  H,  Merette  C,  Savard  J.  Prevalence  of  insomnia  and  its  
treatment  in  Canada.  Can.  J.  Psychiatry.  2011;56:540-­‐8.  
25. Fortier-­‐Brochu  E,  Beaulieu-­‐Bonneau  S,  Ivers  H,  Morin  CM.  Insomnia  and  daytime  cognitive  
performance:  a  meta-­‐analysis.  Sleep  Med.  Rev.  2012;16:83-­‐94.  
26. Moffitt  TE,  Caspi  A,  Rutter  M,  Silva  PA.  Sex  differences  in  antisocial  behavior:  Conduct  disorder,  
delinquency,  and  violence  in  the  Dunedin  Longitudinal  Study.  Cambridge:  Cambridge  University  Press,  
2001.  
27. Okun  ML,  Kravitz  HM,  Sowers  MF,  Moul  DE,  Buysse  DJ,  Hall  M.  Psychometric  evaluation  of  the  Insomnia  
Symptom  Questionnaire:  a  self-­‐report  measure  to  identify  chronic  insomnia.  J.  Clin.  Sleep  Med.  
2009;5:41-­‐51.  
28. Buysse  DJ,  Reynolds  CF,  Monk  TH,  Berman  SR,  Kupfer  DJ.  The  Pittsburgh  Sleep  Quality  Index  (PSQI):  A  
new  instrument  for  psychiatric  research  and  practice.  Psychiatry  Res.  1989;28:193-­‐213.  
29. Copeland  WE,  Shanahan  L,  Costello  EJ,  Angold  A.  Childhood  and  adolescent  psychiatric  disorders  as  
predictors  of  young  adult  disorders.  Arch.  Gen.  Psychiatry  2009;66:764-­‐72.  
30. Moffitt  TE,  Caspi  A,  Harrington  H,  et  al.  Generalized  anxiety  disorder  and  depression:  childhood  risk  
factors  in  a  birth  cohort  followed  to  age  32.  Psychol.  Med.  2007;37:441-­‐52.  
31. Robins  LN,  Cottler  L,  Bucholz  KK,  Compton  W.  Diagnostic  Interview  Schedule  for  DSM–IV.  St.  Louis,  MO:  
Washington  University  School  of  Medicine,  1995.  
32. Robins  LN,  Helzer  JE,  Cottler  L,  Goldring  E.  Diagnostic  Interview  Schedule,  Version  III-­‐R.  St.  Louis,  MO:  
Washington  University  School  of  Medicine,  1989.  
33. American  Psychiatric  Association.  Diagnostic  and  Statistical  Manual  of  Mental  Disorders,  Fourth  Edition.  
Washington,  D.C.:  American  Psychiatric  Association,  1994.  
34. Moffitt  TE,  Caspi  A,  Taylor  A,  et  al.  How  common  are  common  mental  disorders?  Evidence  that  lifetime  
prevalence  rates  are  doubled  by  prospective  versus  retrospective  ascertainment.  Psychol.  Med.  
2010;40:899-­‐909.  
35. Cooper  AM,  Michels  R.  Diagnostic  and  Statistical  Manual  of  Mental  Disorders,  revised  (DSM-­‐III-­‐R).  Am.  
J.  Psychiatry  1988;145:1300-­‐1.  
36. Costello  EJ,  Edelbrock  C,  Kalas  R,  Kessler  M,  Klaric  SA.  Diagnostic  Interview  Schedule  for  Children  (DISC).  
Bethesda,  MD:  National  Institute  of  Mental  Health,  1982.  
37. American  Psychiatric  Association.  Diagnostic  and  Statistical  Manual  of  Mental  Disorders  (DSM-­‐III).  
Washington,  D.C.:  American  Psychiatric  Association,  1980.  
38. Rutter  M,  Tizard  J,  Whitemore  K,  eds.  Education,  health  and  behavior.  London:  Longman  Green,  1970.  
39. Milne  BJ,  Moffitt  TE,  Crump  R,  et  al.  How  should  we  construct  psychiatric  family  history  scores?  A  
comparison  of  alternative  approaches  from  the  Dunedin  Family  Health  History  Study.  Psychol.  Med.  
2008;38:1793-­‐802.  
40. Weissman  MM,  Wickramaratne  P,  Adams  P,  Wolk  S,  Verdeli  H,  Olfson  M.  Brief  screening  for  family  
psychiatric  history:  the  family  history  screen.  Arch.  Gen.  Psychiatry  2000;57:675.  
41. Elley  W.  The  Elley-­‐Irving  Socio-­‐Economic  Index  1981  Census  Revision.  New  Zealand  Journal  of  
Educational  Studies  1985;20:115-­‐28.  
42. Milne  B,  Byun  U,  Lee  A.  New  Zealand  socio-­‐economic  index  2006.  In.  Wellington,  NZ:  Statistics  New  
Zealand,  2013.  
43. Weinraub  M,  Bender  RH,  Friedman  SL,  et  al.  Patterns  of  developmental  change  in  infants'  nighttime  
sleep  awakenings  from  6  through  36  months  of  age.  Dev.  Psychol.  2012;48:1511.  
29  
  
44. Sutton  DA,  Moldofsky  H,  Badley  EM.  Insomnia  and  health  problems  in  Canadians.  Sleep  2001;24:665-­‐
70.  
45. Baglioni  C,  Battagliese  G,  Feige  B,  et  al.  Insomnia  as  a  predictor  of  depression:  a  meta-­‐analytic  
evaluation  of  longitudinal  epidemiological  studies.  J.  Affect.  Disord.  2011;135:10-­‐9.  
46. Ohayon  MM,  Caulet  M,  Lemoine  P.  Comorbidity  of  mental  and  insomnia  disorders  in  the  general  
population.  Compr.  Psychiatry  1998;39:185-­‐97.  
47. Shanahan  L,  Copeland  WE,  Angold  A,  Costello  EJ.  Sleep  problems  predict  and  are  predicted  by  
emotional  distress  and  oppositional  defiant  disorders.  J.  Am.  Acad.  Child  Adolesc.  Psychiatry  2014  
[published  online  Feb.  20;  doi:10.1016/j.jaac.2013.12.029].  
48. Moffitt  TE,  Harrington  H,  Caspi  A,  et  al.  Depression  and  generalized  anxiety  disorder:  cumulative  and  
sequential  comorbidity  in  a  birth  cohort  followed  prospectively  to  age  32  years.  Arch.  Gen.  Psychiatry  
2007;64:651.  
49. Caspi  A,  Houts  RM,  Belsky  DW,  et  al.  The  p  factor:  one  general  psychopathology  factor  in  the  structure  
of  psychiatric  disorders?  Clin.  Psych.  Science  2013;2:119-­‐137.    
50. Brower  KJ.  Insomnia,  alcoholism  and  relapse.  Sleep  Med.  Rev.  2003;7:523-­‐39.  
51. Schierenbeck  T,  Riemann  D,  Berger  M,  Hornyak  M.  Effect  of  illicit  recreational  drugs  upon  sleep:  
Cocaine,  ecstasy  and  marijuana.  Sleep  Med.  Rev.  2008;12:381-­‐9.  
52. Breslau  N,  Roth  T,  Rosenthal  L,  Andreski  P.  Sleep  disturbance  and  psychiatric  disorders:  a  longitudinal  
epidemiological  study  of  young  adults.  Biol.  Psychiatry  1996;39:411-­‐8.  
53. Roane  BM,  Taylor  DJ.  Adolescent  insomnia  as  a  risk  factor  for  early  adult  depression  and  substance  
abuse.  Sleep  2008;31:1351-­‐6.  
54. Gregory  AM,  Buysse  DJ,  Willis  TA,  et  al.  Associations  between  sleep  quality  and  anxiety  and  depression  
symptoms  in  a  sample  of  young  adult  twins  and  siblings.  J.  Psychosom.  Res.  2011;71:250-­‐5.  
55. Rutter  M,  Kim-­‐Cohen  J,  Maughan  B.  Continuities  and  discontinuities  in  psychopathology  between  
childhood  and  adult  life.  J.  Child  Psychol.  Psychiatry  2006;47:276-­‐95.  
56. Weissman  MM,  Wickramaratne  P,  Nomura  Y,  Warner  V,  Pilowsky  D,  Verdeli  H.  Offspring  of  depressed  
parents:  20  years  later.  Am.  J.  Psychiatry  2006;163:1001-­‐8.  
57. Riemann  D,  Spiegelhalder  K,  Feige  B,  et  al.  The  hyperarousal  model  of  insomnia:  a  review  of  the  
concept  and  its  evidence.  Sleep  Med.  Rev.  2010;14:19-­‐31.  
58. Bonnet  MH,  Arand  DL.  Hyperarousal  and  insomnia:  state  of  the  science.  Sleep  Med.  Rev.  2010;14:9-­‐15.  
59. Bonnet  M,  Arand  D.  Hyperarousal  and  insomnia.  Sleep  Med.  Rev.  1997;1:97-­‐108.  
60. Clark  LA,  Watson  D.  Tripartite  model  of  anxiety  and  depression:  psychometric  evidence  and  taxonomic  
implications.  J.  Abnorm.  Psychol.  1991;100:316.  
61. Xie  L,  Kang  H,  Xu  Q,  et  al.  Sleep  drives  metabolite  clearance  from  the  adult  brain.  Science  
2013;342:373-­‐7.  
62. Irwin  M,  Clark  C,  Kennedy  B,  Christian  Gillin  J,  Ziegler  M.  Nocturnal  catecholamines  and  immune  
function  in  insomniacs,  depressed  patients,  and  control  subjects.  Brain.  Behav.  Immun.  2003;17:365-­‐
72.  
63. Tononi  G,  Cirelli  C.  Sleep  function  and  synaptic  homeostasis.  Sleep  Med.  Rev.  2006;10:49-­‐62.  
64. Goldstein  AN,  Greer  SM,  Saletin  JM,  Harvey  AG,  Nitschke  JB,  Walker  MP.  Tired  and  apprehensive:  
anxiety  amplifies  the  impact  of  sleep  loss  on  aversive  brain  anticipation.  J.  Neurosci.  2013;33:10607-­‐15.  
65. Harvey  AG.  Insomnia,  psychiatric  disorders,  and  the  transdiagnostic  perspective.  Curr.  Dir.  Psychol.  Sci.  
2008;17:299-­‐303.  
  	  
  
